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1. INTKODUCTION 

Cyclont ,  d e v e l o p m e n t  and  movt*ment i n  t l ie  
S o u t h  P a c i f i c  h a v e  l o n g  been  r e c o g n i z e d .  Data 
r e g a r d i n g  c y c l o n e  a c t i v i t y  o r i g i n a l l y  stemmed 
f rom i s l a n d  a n d  m e r c h a n t  s h i p  r e p o r t s  a n d  was 
e n h a n c e d  by r e s e a r c h  p r o g r a m s ,  s u c h  a s  t h e  ICY. 
With t h e  a d v e n t  of t h e  m t z t e o r o l o g i c a l  s a t e l l i t e  
i n  t h r  1 9 6 0 ' s ,  knowledgc  c o n c e r n i n g  S o u t h  
l>ac i  f i c  c y c l o n v s  was f u r t l l < * r  c n l i a n c r d .  O f  p l r t i -  
< , u i ~ i r  i n t z r r - s t  i n  tht. prt .sc.nt  s t u d y ,  a r t '  the 
cyc1ont .s  which fo rm s o d  p r o p a g a t e  i n  a n d  o l o n g  
t h e  S o u t h  P a c i f i c  C o n v e r g e n c e  Zone (SPCZ). 'The 
c l i m a t o l o g y  of t h e s e  c y c l o n e s  h a s  b e e n  document- 
e d  by s e v e r a l  a u t h o r s  ( e . g . ,  R o u p  a n d  S t r e t e n ,  
1972 ;  S t r e t e n  and  Troup ,  1 9 7 3 ) .  A g e n e r a l  
a c c o u n t  o f  c y c l o n e  a c t i v i t y  w i t h i n  t h e  SPCZ, 
which i s  most a p p r o p r i a t e  f o r  t h e  p r e s e n t  s t u d y ,  
i s  g i v e n  by Tr t , nbe r th  ( 1 9 7 6 ) .  A more d e t a i l e d  
d e s c r i p t i o n  o f  t h e  p a r t i c u l a r  c y c l o n e  e v e n t s  
wh ich  a r e  a l l u d e d  t o  h e r e i n  i s  g i v e n  by V i n c e n t  
( 1 9 8 5 ) .  

The f o c u s  of t h e  p r e s e n t  p a p e r  is t w o f o l d .  
F i r s t ,  i t  e x a m i n e s  t h e  h e a t  b u d g e t  o f  t h z  t r o p i -  
c a l  S o u t h  P a c i f i c  f o r  t h e  p e r i o d ,  10-18 J a n u a r y  
1979 ,  and c o m p a r e s  p r e c i p i t a t i o n  e s t ima tes  ob- 
t a i n e d  from t h e  b u d g e t  e q u a t i o n  t o  t h o s e  d e r i v e d  
f r o m  GOES I R  s a t e l l i t e  i m a g e r y .  S e c o n d ,  i t  
l o o k s  a t  t h e  r e l a t i o n s h i p  be tween  l a t e n t  h e a t  
r e l e a s e  and  t h e  b a r o c l i n i c  e n e r g y  c o n v e r s i o n  
d u r i n g  t h e  l i f e  c y c l e s  of  two c y c l o n e s  wh ich  
p r o p a g a t e  a l o n g  t h e  SPCZ i n  t h e  p e r i o d .  The 
d a t a  s o u r c e s  u s e d  i n  t h i s  s t u d y  art' p a r t  o f  the 
t o t a l  FGCE d a t a  p a c k a g e  a n d  i n c l u d e :  a m o d i l i r d  
s e t  o f  L e v e l  111-b u p p e r  a i r  a n a l y s e s  o r i g i n a l l y  
p r o d u c e d  a t  ECMWF; s u r f a c e  o b s e r v a t i o n s  f r o m  
i s l a n d  s t a t i o n s ,  m o b i l c  i h i p s  and  d r i f t i n g  buoys 
i n  t h e  S o u t h  P a c i f i c ;  GOES-West e n h a n c e d  IR silt- 

e l l i t e  i m a g e r y ;  and  o u t g o i t i g  longwave  r a d i a t i o n  
( O L R )  e s t i m a t e s  d e d u c e d  f r o m  N O M  p o l a r - o r b i  t i n g  
s a c t ~ l l i t e s .  F u r t h e r  d e s c r i p t i o n s  of t h e s e  d a t a ,  
a s  t h e y  a p p l y  t o  t h e  p r e s e n t  s t u d y ,  a p p e a r  i n  
V i n c e n t  ( 1 9 8 2 ,  1 9 8 5 ) .  I t  s h o u l d  ht n o t e d  t h a t  
v i t h o u t  t h e  FGGE d a t a  s e t  t h e  d e t a i l s  r e g a r d i n g  
t h e  c i r c u l a t i o n  E e a t u r e s  a s s o c i a t e d  w i t h  t h e  
p r e s e n t  s t u d y  would h a v e  b e e n  g r e a t l y  r e d u c e d .  
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w h e r e  s = c 'T + g z ,  t h e  d r y  s t a t i c  e n e r g y  a n d  Q1 
i s  t h e  a p p a r e n t  i i taat  s o u r c e  (Yana i  e t  a l . ,  
1 9 7 3 ) ,  compi)svd o f  t l ie n e t  r a d i a t i o n  (QR),  sc3n- 

s i b l e  h e a t  e x c h a n g e  w i t h  t h e  e a r t h ' s  s u r f a c e  
((IS), and  l . i t f b n t  h t*n t  r e l e a s e  ( Q L ) .  I n  ( l ) ,  
t e r m s  on t h e  r i g h t  s i d c  were  c a l c u l a t e d  f r o m  t h e  
a f f u r m e n t  i o n e d  I'CMWF a n n l y s t ~ s  a t  m:lnclatory p r e s -  
sur 'c  l e v e l s  f rom 1000-100 mb and  a L  h o r i z o n t a l  
i n c r w n i . n t s  of  2 . 5 "  I a t / l o n  u s i n g  0000 a n d  1 2 0 0  
C M ' ~  41.1t;i. O I I  1 1 1 4 -  I r a i t  () i  ( I ) ,  :I v t . r t i c a l : p r o -  
I i l e  fo r  QH wd:; s t . l r c t r d  b a s e d  on t h e  r e s u l t s  
o b t a i n c d  by Cox and C r i f f i t h  ( 1 9 7 9 )  f o r  t h e  GATE 
a r r a  d i i r i n g  P h a s e  111. The s p a t i a l  a n d  t e m p o r a l  
c o n d i t i o n s  f o r  t h e i r  s t u d y  a r e  s i m i l a r  t o  t h o s e  
€ o r  t h e  p r e s e n t  c a s e .  V a l u e s  of  QS i n  ( 1 )  were 
computed  u s i n g  t h e  Bulk Aerodynamic  Method 
( B u n k e r ,  1976) a n d  a p p l i e d  t o  t h e  lO00-8sO mb 
l a y e r .  S e a  s u r f a c e  t e m p e r a t u r e s  f o r  t h a t  me thod  
w e r e  o b t a i n e d  f r o m  w e e k l y  a v e r a g e s  b a s e d  e n  
p o l a r  o r b i t i n g  s a t e l l i t e  m e a s u r e m e n t s  for ' t h e  
p e r i o d  9-16 J a n u a r y .  The f i n a l  t e r m  i n  ( l ) ,  QL, 
was d e d u c e d  as  t h e  r e s i d u a l .  n u s ,  i t - r e p r e -  
s e n t s  t h e  l a t e n t  h e a t  r e l e a s e ,  a n d  i n h e r i t s  a n y  
e r r o r s  and  s u b g r i d - s c a l e  c o n t r i b u t i o n s  from 
t e r m s  i n  ( 1 ) .  

2 .  RESULTS AND DISCUSSION 

I) 

I 
From 10-18 J a n u a r y  t h e  SPCZ w a s  q u a s i -  

s t n t i c > n n r y  and  c o n v e c t i v e l y  a c t i v e  ( V i n c e n t ,  
1 9 8 2 ) .  T h e  mean p o s i t i o n  of t h e  c l o u d  band  
(OLR 5 225 a s s o c i a t e d  w i t h  t h e  SPCZ f o r  
t h i s  p c r i o d  i s  shown i n  F i g .  1 ,  t o g e t h e r  w i t h  
t l i f  in ran  p o s i t i o n  of s u r f a c e  p r e s s u r e .  No te  
t h a t  t h e  t r o u g h  o f  l o w  p r e s s u r e '  i s  l o c a t r i  a l o n g  
t h e  s o u t h e r n  a n d  w e s t e r n  e d g e  o f  t h e  SPCZ. This 
t r o u g h  marks  t h e  a x i s  a l o n g  w h i c h  t h e  SPCZ, 
c y c l o n e s  p r o p a g a t e  i n  a s o u t h ~ a s t w a r d  d i r e c t i o n ,  
h a v i n g  t h e i r  warm s e c t o r  w i t h i n  t h e  c l o u d  band 
and  t h e i r  c o l d  s e c t o r  t o  i t s  s o u t h w e s t .  Also 
shown i n  F ig .  I i s  t h e  c h a r t  a > f  mt ' i i i i  s c a  l e v e l  
p r e s s u r t x  f o r  0000 GMT 1 2  J a n u a r y  wh ich  d e p i c t s  
t h r e e  c y c l o n c s .  V i n c e n t  ( 1 9 8 5 )  g i v e s  a d e t a i l e d  
d i s c u s s i o n  o f  t h e  c h a r a c t e r i s t i c s  and k i n e m a t i c s  
of e a c h  c y c l o n e  d u r i n g  i t s  l i f e  c y c l e .  A t  t h i s  
time, L2 i s  p r o p a g a t i n g  s o u t h e a s t w a r d  a n d  is i n  
i t s  l a t e  f o r m a t i v e  s t a E e ;  t w e l v e  h o u r s  l a t e r  i t  
was a m a t u r e  c y c l o n e .  1.3 i s  q u a s i - s t a t i o n a r y  
a n d  is i n  i t s  e a r l y  wave s t a g e ,  h a v i n g , j u s t  
a t t a i n e d  a c l o s e d  s u r f a c e  c i r c u l a t i o n .  About  
two d a y s  l a t e r ,  L3 p r o p a g a t e s  i n t o  m i d d l e ,  l a t i -  

One of t h e  m a i n  e q u a t i o n s  u s e d  i n  t h i s  
i n v e s t i g a t i o n  i s  t h e  a t m o s p h e r i c  h e a t  b u d g e t  
e q u a t i o n :  

t u d e s  a l o n g  t h e  s a m e  p a t h  a s  fo r  L2. @e t h i r d  
c y c l o n e ,  L1 ,  r e m a i n e d  i n  t h e  t r o p i c s  t h r o u g h o u t  
i t s  l i f e  c y c l e  (10-14 J a n u a r y )  a n d  p r o p a g a f e d  
s l o w l y  e a s t w a r d .  

(1) 

Zhe r a i n f a l l  p a t t t a r n s  shown i n  
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F i g .  1. T i m e - a v e r a g e d  mean s e a  l c v c s l  p r e s s u r e  f o r  10-18 Janu.1r-y 1979 wi 111 o u t g o i n g  longwave  r a d i a t i o n  
v a l u e s  o f  2 2 2 5  Wm-2 sh.idcd t o  r e p r r s c n t  t h e  SI’CZ ( u p p c ~ r  1 L . f t ) ;  mc’nn sea l c v c l  p r e s s u r e  f o r  
0000 GMT 12 . January 1 9 7 9  w i r h  l o c a t i o n  o f  t l ~ r c , ~ .  s u r r n c e  c y r l o n ~ ~ s  ( u p p e r  r igl1L);  p r e c i p i t a t i o n  
r a t e s  d e r i v e d  f r o m  91 budgc*t  ( l o w e r  l e f t )  a n d  I I<  s a t e l l i t e  m e t l ~ o d  ( l o w e r  r i g h t )  f o r  1 2  h per iod .  
0000-1200 CMT 1 2  J a n u a r y  1979 .  

F i g .  1 s u g g e s t  t h a t  t h e  h e a v i e s t  p r e c i p i t a t i o n  
o c c u r s  i n  c o n j u n c t i o n  w i t h  t h e  c y c l o n e s .  Two 
e s t i m a t e s  o f  p r e c i p i t a t i o n  r a t e s  a r e  d e p i c t e d  i n  
F i g .  1 for  t h e  I ?  h p e r i o d ,  0000-1200 GMT 1 2  
J a n u a r y :  ( 1 )  t h n s e  3 b t a i : i e d  a s  t h e  r e s i d u a l  in 
the h e s t  b u d g e t  ( E q .  I )  a n J  ( 2 )  Lhosr  d e r i v e d  
f r o m  e n h a n c e d  1 R  s a t e l l i t e  c l o u d  t o p  te inpera-  
t u r e s  ( R o b e r t s o n ,  1985) .  I t  i s  scen t h a t  t h e  
p::~::r:is a r c  i n  r e a s c n a h l e  n g r e e m e n t ,  b u t  t h a t  
t h e  m a g n i t u d e s  a r e  a b o u t  2 t i m e s  l a r g e r  by the  
s a t e l l i t e  m e t h d .  I t  s h o u l d  be n o t e d  t h a t  
v a l u e s  o b t a i n e d  by b o t h  m e t h o d s  w r r F  €or 2.5’ 
l a t / l o n  a r e a s .  The s a t e l l i t e  e s t i m a t e s  w e r e  
d f a r i v e d  f r o m  d a t a  wh ich  o r i g i n a l l y  was a t  3 h 
i n c r e m e n t s  and  16 km image r e s o l u t i o n .  

A c o m p a r i s o n  of  t h e  a r e a - a v e r a g e d  1 2  h o u r l y  
p r e c i p i t a t i o n  ra tes  b e t w e e n  t h e  h e a t  b u d g e t  and 
s a t r l l i t e  m e t h o d s  i s  g i v e n  i n  F i g .  2 .  T h r e e  
s e t s  of time-series c u r v e s  a r e  shown.  One s e t  
d e p i c t s  t h e  a r e a - a v e r a g e d  r a i n f a l l  € o r  t h e  t o t a l  
a r e a  o v e r  which t h e  h e a t  b u d g e t  r e s u l t s  w e r e  
c a l c u l a t e d ,  7 .5-27.53,  170-135W. I n  t h i s  s e t ,  
z e r o  v a l u e s  h a v e  b e e n  i n c l u d e d .  A s e c o n d  set  
shows t h e  p e r c e n t a g e  o f  t h e  t o t a l  a r e a  o c c u p i e d  
by p r e c i p i t a t i n g  c l o u d s ,  w h i l e  t h e  t h i r d  s e t  
g i v e s  t h e  a v e r a g e  r a i n f a l l  r a t e s  €or  p r e c i p i t a t -  
i n g  a r e a s  o n l y .  The t i m e  means o f  t h e  t o t a l  
a r e a  r e s u l t s  fo r  t h e  9-day p e r i o d  a r e  i n  good 

a g r e e m e n t  b e t w e e n  t h e  two m e t h o d s ,  a l t h o u g h ,  i n  
g e n e r a l ,  t h e  s a t e l l i t e  v a l u e s  a r e  g r e a t p r  e a r l y  
i l l  t h e  p e r i o d ,  w h i l e  t h e  h e a t  b u d g e t  v a l u e s  a r e  
g r e a t e r  a f t v r  1200  GMT 1 3  J a n u a r y .  A s  i n f r r r r d  
f rom F i g .  1 ,  t h e  s a t e l l i t e  v n l u e  in  F i g .  2 o n  12 
J a n u a r y  i s  a b o u t  t w i c e  t h a t  J v r i v e d  f rom t h e  
h e a t  b u d g e t .  I t ’ s  w o r t h  n o t i n g  t h a t  e v e n  tllcJugh 
tht:  m a g n i t u d e s  b e t w e e n  t h e  two m e t h o d s  d i f f r r  by 
a g r e a t e r  amount  i n  t h e  e a r l y  p a r t  o f  t h e  
p ~ r i o d ,  t h e  p a t t e r n s  ari’  t y p i c a l l y  i n  g,>i>d a g r P ’ -  
mvn t .  Toward t h e  end  of  t h e  p e r i o d ,  t!ie 
p a t t e r n s  a r e  n o t  i n  a s  );ood a g r e e m e n t ,  b u t  tlir 
a r e a - a v e r a g e d  r e s u l t s  a r e  more c o m p a r a b l e .  
F i g u r e  2 shows t h a t  t l i r  p r r c i , n t a g r  of t h e  t o t n l  
a r e a  c o n t a i n i n g  p r e c i p i t a t i n g  c l o u d s  i s  g r n c r -  
a l l y  g r e a t e r  by t h e  h e a t  b u d g e t  me thod ,  p a r t i c u -  
l a r l y  a E t e r  t h e  f i r s t  f(.w d a y s .  T h i s  i s  n o t  too 
s u r p r i s i n g  s i n c e  t h e  h e a t  b u d g e t  r e l i e s  on 
l a r g e - s c a l e  d a t a  a n d ,  t o  a g r e a t  e x t e n t ,  on 
m o i s t u r e  c o n v e r g e n c e ;  t h u s ,  t h e  method w o u l d  
t e n d  t o  o v e r e s t i m a t e  thi, a r c a  of p r e c i p i t a t i o n .  
On t h e  o t h e r  h a n d ,  t h e  s a t e l l i t e  me thod  y i e l d s  
p r e c i p i t a t i o n  v a l u e s  o n l y  where  r e l a t i v e l y  c o l d  
c l o u d  t o p  t e m p e r a t u r e s  e x i s t  and  i t  u t i l i z e s  n 
c o n s i d e r a b l y  s m a l l e r  h o r i z o n t a l  s c a l e  of r r s o l u -  
t i o n  i n  t h e  i n i t i a l  d a t a  c o m p i l a t i o n  ( R o b e r t s o n ,  
1 9 8 5 ) .  F o r  t h e s e  same r e a s o n s ,  i t ’ s  a l s o  no t  
s u r p r i s i n g  t h a t  t h e  a v e r a g e  v a l u e s  of r a i n f a l l  
r a t e s  w i t h i n  t h e  p r e c i p i t a t i n g  c l o u d s  are  



1' 

IO - 
0 8 .  

0 6 .  

0 4  - 
O ? -  

O0 10 II 12 I3 14 I5 I6 17 8 
002 m 002 002 002 OOZ 002 002 002 

JANUARY 1979 

"1 % AREA WITH PRECIP 

F i g .  2 .  T i m e  s e r i c s  of a r e a - a v e r a g e d  p r e c i p i t a -  
t i o n  r a t e s  by 121 a n d  TI1 s a t e l l i t e  mcthods 
( u p p e r  p a n e l ) ,  p e r c e n t a g e  of area o c c u p i e d  
by p r e c i p i l a t  i n g  g r i d  p o i n t s  ( m i d d l e  
p a n e l ) ,  a n d  r a i n f a l l  r a t e s  f o r  p r e c i p i -  
t a t i n g  a reJ  o n l y  ( l o w c r  p a n e i j .  

g r c . i t e r  wht-n d e r i v e d  by tlrr s a t e l l i t e  method 
( F i g .  2 ) .  

The s i g n i f i c a n c e  o f  e a c h  o f  t h e  t e r m s  i n  
( 1 )  i s  shown i n  F i g .  3 which  i l l u s t r a t e s  t h e i r  
t i m e - a v e r a g e d  v e r t i c a l  d i s t r i b u t i o n  f o r  t h e  
t o t a l  a r ea .  ?he terms t h a t  make t h e  m o s t  s i g n i -  
f i c a n t  c o n t r i b u t i o n s  t o  t h e  h e a t  b u d g e t  a r e  n e t  
r a d i a t i o n ,  wh ich  a c t s  as  a s i n k ,  a n d  t h e  v e r t i -  
c a l  a d v e c t i o n  o f  d r y  s t a t i c  e n e r g y  which i s  a 
s o u r c e .  S i n c e  r a d i a t i v e  c o o l i n g  is n e a r l y  con- 
s t a n t  w i t h  h e i g h t  f r o m  850-200 mb, t h e  s h a p e  o f  
t h e  r e s i d u a l  c u r v e ,  which r e p r e s e n t s  l a t e n t  
h e a t ,  is s i m i l a r  t o  t h a t  f o r  v e r t i c a l  a d v e c t i o n .  
Maximum l a t e n t  h e a t  r e l e a s e  o c c u r s  i n  t h e  500- 
400 m b  l a y e r  w i t h  a v a l u e  s l i g h t l y  i n  e x c e s s  o f  
6 x W kg- l  (5K d - 1 ) .  'The r e l a t i v e  s i g n i f i -  
c a n c e  o f  t e r m s  and  t h e  v e r t i c a l  d i s t r i b u t i o n  o f  
l a t r n t  h e a t  a t  i n d i v i d u a l  t i m e s  w e r e  s i m i l a r  t o  
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F i g .  3. Vert i r n l  d i s t r i b u t i o n  of 1 inlc.-averaged 
and clrc*a-avcragl ,d  t r r m s  i n  tlie 91 b u d g c t  
to r  10-18 . January 1979. l'crrns d e p i c t e d  
arc': n e t  r a d i a t i o n ,  OK ( l o n g  d a s h ) ,  
l o c a l  r a te  of  c h a n g e  ( s h o r t  d a s l i ) ,  h o r i -  
z o n t a l  a d v e c t i o n  ( d a s h - d o t ) .  v e r t i c a l  
a d v e c t i o n  ( s o l i d ) ,  a n d  l a c c n t  h e a t  
relcase. 01. ( d o u b l e  d o t ) .  

t h o s e  f o r  t h e  c o m p o s i t e .  F u r t h e r m o r e ,  p r e l i m i -  
iiriry r e s u l t s  of  t h e  v e ; t i c a l  d i s t r i b u t i o n  o f  
l a t t x n t  h e a t i n g ,  c u r r e n t l y  b r i n g  d e r i v e d  f o r  t h e  
s a t e l l i t e  me thod  by R o b e r t s o n  ( p e r s o n a l  communi- 
c a t i o n ) ,  i n d i c a t e  a good  a g r e e m e n t  w i t h  t h e  h e a t  
b u d g e t  r e s u l t s .  

A s  a n t i c i p a t e d ,  l a t e n t  h e a t  s e r v e s  a n  
i m p o r t a n t  r o l e  w i t h i n  a c y c l o n e  s y s t e m .  I t ' s  
wt?ll  known Lha t  l a t e n t  h e a t  g e n e r a l l y  s e r v e s  a s  
t h e  p r i m a r y  d i n b a t i c  componen t  f o r  g e n e r a t i n g  
p o t e n t i a l  e n e r g y .  I t  cdn  a l s o  p l a y  a n  i m p o r t a n t  
r o l e  i n  t h e  b a r o c l i n i c  e n e r g y  c o n v e r s i o n  b e t w e e n  
p o t e n t  i a l  a n d  k i n e t i c  e n e r g y  t h r o u g h  
d i a  ba t i c a  1 1 y- i nd uced v e  r t i cn 1 c i r c u 1 a t i o n s  , 
i . e . ,  r r l a t i v e l y  warm a i r  r i s i n g  a n d / o r  c o l d  a i r  
s i n k i n g .  F i g u r e  4 shows a t i m e  s e r i e s  of t h e  
1 2 - h o u r l y  a r e a - a v e r a g e d  ~ v a l u e s  of  t h e  b a r o c l i n i c  
c o n v e r s i o n ,  ,.', f o r  two o f  t h e  t h r e e  c y c l o n e s  
m e n t i o n e d  e a r l i e r  ( F i g .  1). The p a r t i c u l a r  
c y c l o n e  s y s t e m s  o f  i n t e r e s t  a r e  t h e  o n e s  wh ich  
p r o p a g a t e d  i n t o  m i d - l a t i t u d e s ,  1.2 a n d  L 3 .  A 
p e r u s u a l  of some o f  t h e  h o r i z o n t a l  d i s t r i b u t i o n s  
of  o b s e r v e d  a n d  computed  v a r i a b l e s  ( e . g . ,  s u r -  
f a c e  p r e s s u r e ,  d i v e r g e n c e ,  r e l a t i v e  v o r t i c i t y ,  
c l o u d  t o p  t e m p e r a t u r e s ,  O L R ) ,  s u g g e s t e d  t h a t  
e a c h  c y c l o n e  s y s t e m  c o u l d  be r e p r e s e n t e d  by a 
box which  w a s  20" l a t i t u d e  by 2 0 "  l o n g i t u d e .  
Thus,  t h e  r e s u l t s  shown i n  F i g .  4 h a v e  b e e n  
a r e a - a v e r a g e d  o v e r  a moving f r a m e  of r e f e r e n c e ,  
20' l a t / l o n ,  c e n t e r e d  o n  t h e  s u r f a c e  p o s i t i o n  o f  
t h e  l o w  p r e s s u r e  c e n t e r .  I t  i s  s e e n  t h a t  t h e  
c o n v e r s i o n  i n c r e a s e s  w i t h  t i m e  € o r  L 2 ,  w h e r e a s  
i t  d e c r e a s e s  w i t h  t i m e  f o r  L 3 .  V i n c e n t  ( 1 9 8 5 )  
found  t h a t  t h e  f o r m e r  c y c l o n e  s y s  t r m  i n t e n s i -  
f i e d ,  w h i l e  t h e  l a t t e r  o n e  weakened .  F i g u r e  4 
shows t h a t  t h e  p e r c r n t a g e  o f  t h e  f i r s t  s y s t e m ' s  
a r e a  o c c u p i e d  by p r e c i p i t a t i n g  c l o u d s  ( a c c o r d i n g  
t o  t h e  s a t r l l i t e  e s t i m a t e s )  r e m a i n e d  n e a r l y  
c o n s t a n t  a t  a b o u t  60% t h r o u g h o u t  t h e  c y c l o n e ' s  
l i f e  c y c l e .  I n  c o n t r a s t ,  t h e  p r r c i p i t a t i o n  a r ea  
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F i g .  4 .  U a r o c l i n i c  e n e r g y  c o n v e r s i o n ,  CE,  f o r  cy- 
c l o n e  v i c i n i t y  (20" lat/lon c e n t e r e d  o n  
s u r f a c e  c y c l o n e )  f o r  L2 and L3. A l s o  
shown are  p e r c e n t a g e  o f  c y c l o n e  area 
o c c u p i e d  by p r e c i p i t a t i n g  g r i d  p o i n t s  and 
t h e  avcxr;ijic r ; i inC;il  I r.iLt, r o r  t h e  prc- 
c i p i La t in); a r ('3 . 

f u r  t h e  s e c o n d  c y c l o n e  d e c r e a s e d  f rom 5 6 %  d u r i n g  
i t s  m a t u r e  s t a g e  t o  32% i n  i t s  d i s s i p a t i o n  s t a g e .  
P e r h a p s  more  i m p o r t a n t  i s  t h e  d i f f e r e n c e  be tween  
t h e  m a n  v a l u e s  o f  t h e  r a i n f a l l  r a t e  a c h i e v e d  by 
p r e c i p i t a t i n g  c l o u d s  w i t h i n  e a c h  c y c l o n e  s y s t e m .  
For  L2 i t  r e m a i n e d  r e l a t i v e l y  s t e a d y  a t  a b o u t  
1 . 2  nnn h-', b u t  f o r  L3  i t  d e c r e a s e d  s t e a d i l y  
from 1 . 3  mm h - l  d u r i n g  t h e  c y c l o n e ' s  f o r m a t i o n  
s t a g e ,  
f i n a l l y  t o  0 . 2  mm h - l  i n  i t s  l a t e  m a t u r e  and  
d i s s i p a t i n g  s t a g e .  T h u s ,  f o r  t h e  c y c l o n e  where  
l d t e n t  h e a t  s t a y s  a t  a h i g h  l e v e l ,  b o t h  s p a -  
t i a l l y  a n d  w i t h  r e g a r d  t o  i n t e n s i t y ,  t h e r e  
a p p p a r s  t o  be ample  f u e l  f o r  i t s  i n t e n s i f i c a t i o n .  
On t h e  o t h e r  h a n d ,  f o r  t h e  f i l l i n g  c y c l o n e ,  t h e  
l a t e n t  h e a t  i m p a c t  d e c r e a s e s  and t h e  b a r o c l i n i c  
c o n v e r s i o n  f a l l s  o f f  r a p i d l y ,  p e r s u m a b l y  d u e  t o  
t h e  l a c k  o f  b o t h  p J t e n t i a l  e n e r g y  g e n e r a t i o n  and 
d i a b a t i c a l l y - i n d u c e d  t h e r m a l l y - d i r e c t  c i r c u l a -  
t i o n s .  Work c u r r e n t l y  i s  i n  p r o g r e s s  t o  d e t e r -  
m i n e  t h e  i m p o r t a n c e  of  I s t r n t  h e a t  on t h e  v e r t i -  
c a l  m o t i o n  f i e l d  a n d ,  t h u s ,  on t h e  b a r o c l i n i c  
en,. r gy c onvc r s i o n  . 

t o  0.6 mm 11-l by i t s  m a t u r e  s t a g e ,  a n d  
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'he  a u t h o r s  t h a n k  Drs .  J u l i a  P a e g l e  a n d  
.J<>,hn Ward f o r  t h e i r  a s s i s t a n c e  i n  s u p p l y i n g  them 
w i t h  t h e  ECMWF d a t a  and  D r .  Huo-Jin H u n g  for 
h i s  h e l p ,  b o t h  i n  s c i ~ n t i f i c  d i s c u s s i o n s  and  
c o m p u t e r  programming.  Also ,  t h e y  a p p r e c i a t e  the 
h e l p  p r o v i d e d  by Mr. D o u g l a s  Mil ler  who d r a f t e d  
t h e  f i g u r e s  and  M s .  H e l e n  Henry who t y p e d  t h e  
m a n u s c r i p t .  The r e s e a r c h  was s p o n s o r e d  by t h e  
G l o b a l  A t m o s p h e r i c  R e s c a r c h  P r o g r a m ,  D i v i s i o n  O f  

A t m o s p h e r i c  S c i e n c e ,  Nat  i o n n l  S c i e n c e  F o u n d a t i o n  
a n d  t h e  N a t i o n a l  O c e a n i c  and  A t m o s p h e r i c  
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